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Introduction  
The supporting information contains: 
 A validation of AMS measurements in the Rim Fire plumes. 
 Four figures: (S1) Comparison of AMS measurements with aerosol volume and 
extinction at 532 nm measurements [Wang et al., 2010] in the Rim Fire plumes; (S2) 
LAS aerosol volume size distributions measured in the Rim Fire plumes; (S3) 
examples of time series in fire plumes; and (S4) emission factors (EFs) as a function 
of modified combustion efficiency (MCE) for gaseous species with slopes not 
significantly different from zero. 
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Text S1. Validation of AMS measurements in the Rim Fire plumes 
During SEAC4RS, the collection efficiency (CE) of the Aerodyne High-Resolution 
Time-of-Flight Aerosol Mass Spectrometer (hereinafter AMS) was calculated based on the 
composition-dependent algorithm of Middlebrook et al. [2012] using 1 min averaging. The 
average CE for the Western biomass burning (BB) plumes during the SEAC4RS campaign was 
estimated to be 0.5 by this method. We also used a CE of 0.5 for BBOP fire plumes, during 
which no reliable particle size measurement is available for such a comparison. In order to 
validate the AMS quantification for the SEAC4RS plumes, we converted the mass 
concentrations of measured non-refractory components to volume assuming an internally 
mixed aerosol and literature densities for each species [DeCarlo et al., 2004; Salcedo et al., 
2006], with the OA density estimated based on the method of Kuwata et al. [2012].  It was 
then compared with the aerosol volume calculated from measurements by a laser aerosol 
spectrometer (LAS; TSI Inc., St. Paul, MN). The LAS was calibrated with PSLs (nD=1.595) and 
the reported diameters were corrected by a factor of 1.115 to account for the lower refractive 
index of ambient particles during SEAC4RS (nD=1.52-1.54) [Shingler et al., 2016]. The 
correction factor is based on the relative response of a collocated ultra-high sensitivity 
aerosol spectrometer (UHSAS; Droplet Measurements Technologies, Boulder, CO) to both 
PSLs and Ammonium Sulfate particles (nD=1.53 [Zarzana et al., 2014]) . Figure S1 shows the 
volume comparison with orthogonal distance regression lines. The slopes for wildfire plumes 
and non-BB air masses are 0.82 and 1.21, respectively, both of which are within the combined 
measurement uncertainties. These results support that the AMS was certainly not 
overestimating the mass concentration in BB plumes, which would have been the case if CE 
was substantially higher than 0.5. For the BB plumes, a clear non-linear trend in LAS response 
is observed above 50 ug sm-3, which is due to undercounting of the LAS at high particle 
counts, a well-known drawback of this technique.  
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An alternative way to check the AMS quantification is by estimating the mass 
extinction efficiency (MEE) using two different methods. The first method uses a linear 
regression of total extinction at 532 nm (sum of scattering from a TSI Mod 3563 
nephelometer, St Paul, MI) plus absorption from a Radiance Research particle soot 
absorption photometer (Shoreview, WA), with absorption being <5% of the total) versus the 
total mass of AMS species, as shown in the right side of Figure S1. The slopes are 6.83±0.16 
m2 g-1 for all Rim Fire plumes and 5.68±0.13 m2 g-1 for aged Rim Fire plumes. In non-BB air 
masses, the slope is 6.69±0.07 m2 g-1. These are within the range of typical values (2-10 m2 g-
1) that have been observed in the field [Hand and Malm, 2007; DeCarlo et al., 2008; Dunlea et 
al., 2009; Shinozuka et al., 2009]. Figure S2 shows the aerosol volume size distributions 
measured in fresh and aged Rim Fire plumes by the LAS. The volume size distributions 
peaked at 315 nm and 330 nm in the fresh and aged plumes, respectively. Using these size 
distributions and the refractive indices reported by Shingler et al. [2016], we calculated mass 
scattering efficiency (MSE) based on Mie scattering code [Bohren and Huffman, 1983]. The 
MSEs are 7.9 m2 g-1 and 6.9 m2 g-1 for fresh and aged Rim Fire plumes. As scattering accounted 
for most of (>90%) the total extinction, a reasonable agreement between the calculated MSE 
and the MEE derived from regression slopes within the combined uncertainties of both 
measurements thus further validates the AMS measurements. As for the previous 
comparison, the slightly higher values obtained with the second method confirm that the 
mass concentrations reported by the AMS in the fire plumes are not overestimated. 
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Figure S1. Comparison for the SEAC4RS campaign of estimated aerosol volumes from AMS 
and LAS measurements (left) and AMS total mass with dry aerosol PM1 extinction at 532 
nm, as calculated from the sum of dry scattering (TSI nephelometer) and absorption 
(Radiance Research PSAP) (right). The bottom two figures show data for the PBL over 
continental North America in the absence of major BB influence, while the top two plots 
summarize all the large BB plumes encountered during SEAC4RS (except for agricultural 
fires). The slopes are obtained by orthogonal distance regression with the intercepts fixed 
to 0, which is justified since the zeros of all instruments are checked frequently (and 
corrected, if needed) by measuring through filters. 
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(a)                                                                                     (b) 
 
Figure S2. Averaged LAS aerosol volume size distributions measured in the Rim Fire 
plumes: (a) fresh plumes and (b) aged (1-2 days of transport) plumes. Optical diameters and 
volumes were corrected for refractive index (see text).  
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Figure S3. Examples of time series of CO2, SO2, methanol, O3, and GPS altitude for: (a) 
Colockum Tarps; (b) Big Windy Complex; and (c) Rim Fire. Shaded area shows the duration 
of fresh plume used for analysis. 
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Figure S4. Emission factors (g kg-1) of gaseous species as a function of MCE for the three 
wildfires of this study, the boreal forest fires of Simpson et al. [2011], and the prescribed 
fires of Burling et al. [2011] and Akagi et al. [2013]. Gases shown here are associated with 
slopes that are not significantly different from zero. Correlation coefficients (r2) were 
derived from bivariate linear regressions of all plotted data.  
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